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”%'\“ Purpose of this Briefing

¢ Inform the KSC operations and development community on a
capability for enhanced understanding of recurring space
transportation system ground operations viadata, modeling and
analysis

¢ Obtain feedback toward making the capability as relevant as
possiblefor KSCin support ofthe Constellation (Cx) program

¢ Present a Use Case

e Provide support as added insight internal to local KSC Cx Ground Operations
Element (GOE) processes that provide such figures of merit up the chain




”(A\"'\“ Context

“All research projects undertaken by the NACA sought to
compile fundamental aeronautical knowledge applicable to
all flight, rather than working on a specific type of aircraft
design, because that looked too much like catering to a
particular aeronautical firm.”

The First Century of Flight: NACA/NASA Contributions to Aeronautics

http://teacherlink.ed.usu.edu/tinasa/pictures/poster/FirstCenturyofFlight.pdf



http://teacherlink.ed.usu.edu/tlnasa/pictures/poster/FirstCenturyofFlight.pdf

Goal of this Project — Analysis
for Strategic Areas, Relationships, & Drivers

¢ Use Case 1 “loading”: Given, first, only Ground Operations
contractor direct hands-on work content (derived elsewhere)
for a specific flight hardware element (such as a CEV, a 2nd
stage, etc), second, a launch demand, and third, a target time
to fit that elements work into, output the rest of the KSC
effects including the rest of the Ground Operations contractor,
sub-contractors to the Ground Operations contractor, civil
service, center management and operations and base
infrastructure costs....by...
« 1a: Extrapolating past effects, assuming “business as usual” (BAU) € — — —
- 1b: Extrapolating new effects, business with operational & supply chain

Improvements

¢ Use Case 2 “root causes”: Given / inputting the flight and
ground system description by sub-systems, allow the model
to calculate & adjust already co-related data, to calculate the
value of Ground Operations contractor direct hands-on work
content associated with each flight hardware element of the
architecture...and...
« 2a:Use as is, no further analysis, to understand Ground Operations

direct hands-on labor

« 2Db: Study what-if operability changes to the design affecting 2a \/
« 2c:Use as a starting point for total cost via Use Case laor 1lb € ——— — =

Simplest
calculation
and use
case

Most
complex
calculation
and use
case
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N(Q\A Ground Operations Modeling, Background
“«@» Differencesfrom Non-Recurring Type Parametric Estimation

¢ Ground Operations Modeling for Human Space Flight systems

e Has not and is not evolving as a weight based nor parametric data driven

science
— Diverges significantly in method from NAFCOM type Spaceflight Hardware DDT&E
and Production cost models

e Supporting *data has emerged slowly; understanding and community
agreement on use, applicability and significance still evolving
e Not an area heavily invested in due to agency emphasis on near term budgets
— New development takes years, leaving ops in the out-years
— By the time ops is near-term, critical past decisions are irreversible

*Re.backup for data sources.



N(Q\A Ground Operations Modeling, Background
%@ Hierarchy of Goals for Decision Making

f Goal
WHY?
Contributor 1 Contributor 2 Contributor 3
|
v v l v v v ¥
Contributor Contributor Contributor Contributor f Coninbioy Cantributor
c b a g h
Contributor Contributor Contributor
X y z
" — -
v v
Choice A Choice B HOW?

N

NECESSARY AND SUFFICIENT



l\&\\% Ground Operations Modeling, Background
@ Model Method & Influence Factors

¢ Complexity:
e What is it? How much of it?

¢ Reliability:
e Did it fail during a test? How confident am | that it won't fail when needed?

¢ Operations & Supply Chain Management:
e What did we do with it?
e What is the design of the organizations that support & operate it?

¢ *Demand:
e How much of this does anyone want? At what price?

*Notaddressed in this model, requires economic modeling
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Ground Operations Modeling, Background
Model Method & Influence Factors

¢ Definitions: Influence factors treed from root causes

e Complexity
— Factors: Numberofstages,numberofsub-systems, types of fluids, mission requirements
such as number of flights, number of in-space operations,atechnology choicethatis
moreor less operable,adesign moreor less accessible.
e Re.also Maintainability, Availability.
e Reliability
— Factors: Thereliability, the margin, the design life — ultimately the quality of our product
and the customer confidenceinthe product.Is loss of vehicle 1 in 100 or 1 in 10007
Affected heavily by quality.
e Re.also Dependability, Variance, Confidence, Availability, Reusability.

e Operation & Supply Chain Management
— Factors: Processing the system.Is this a lean organization, with few process steps? A
modern Supply Chain and modern systems? Or a set of manual,duplicative and labor
intensive processes? AmericanAirlines at10 cents a passengermile...ora low-costairline
at 7 cents apassenger mile? (Both get you there, identicaltechnology,onegoes
bankrupt).
e Re.Business processes (organizational), information technology (I/T) systems (examples: work
control, logistics) and operational processes (example: horizontal vs. vertical processing).
e *Demand & Economics
— Factors: Varianceincreases as productionrate decreases, inevitably being adriver in low
volume production,assemblyorservices, by limiting the dependability, quality or learning
possibleortargeted in the operation.
e Re.Uneconomical order quantities, reliability, confidence, monopoly behaviors, captive markets

*Notaddressed in this model, requires economic modeling



Ground Operations Modeling, Background
Scope: Recurring Ground Operations

The Current Human Space Flight Launch & Landing Operational Supply Chain

Prime Contractor Direct
Touch Labor Element or
Stack Lewvel at KSC

Each hour of technician labor (or each “hand’s on” person) in order to perform the work, requires...

Frime Contractor Engineering
& Management, Safety &
Cluality, Dlrenc:t Suppﬂﬁ at

Frime Contractor All Other [n-
Direct Functions and Support
at KSC

KSC Infrastruciure

Production, Hardware, &
Program Level Functions

Lockheed-Martin (ETs) Lousiana,
ATK (SRMs) Utah, Bosing
Rocketdyne (SSMEs) California, usa. | =2.9 X the
{Prime) Texas ISC, NASA JSC
Mission & Flight Ops Texas, MASA, sum of all

MSFC ET/SRM/SRE, SSME Of all
ProgramiManagement Alabama,
MASA HQ Program management shown

Washington D.C.

MASA KSC Civil Servants,
Engineering & Technical
Management

T Ted Tad Ted el Ted Ted

Prime Contractor Logistics and
Depaot Maintenance {Orbiter Only,
MNASA Shuttle Logistics Depot,
MSLD, Cape Canaveral)

COther non-Prime Support. as
Sub-Contracts to the Prime
Confractor at KSC

AR (RARR  foleleis

Enabling KSC MASA &
Contractor Center Funciions

{Center Management and
Operations, CMO)

ARF SRE Operations at
KSC under MSFC
Managerment

E.Zapata 1-25-07
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Methodology & General Structure of the Model
Concept Map
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N@Q\% Methodology & General Structure of the Model

ConceptMap 1 of 3

HequlrEE or affects a

¥

Flnght Elerment D-e:.ugn Ground Systems Des-gn]

ANSANN

Has a certain Has a certain I
Has a certain Has a certain

Has a certain __’—/><_/—\~:H ——fee @ cerman
"
Complexity Reliability [ Dperaticnal C-I:IHI:.EI'J-I]
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[HSC Launch and Landing Recurring Gperatlans]

Reguires Requires
ﬂ H

[ Sl I L fr TS L Pl P L 2 g StE'"d"""”“E:] [:er:nund Operations Contractor Hands-on Laber Integrated Etack]

//| Requires ___Requires I \\

13



NQ% Methodology & General Structure of the Model
%@ ConceptMap2of3
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Methodology & General Structure of the Model
& ConceptMap3of3

Provide requirements to Owersess and integrates with \
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— . I|| T
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Requires the support of _______————”
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Reguires the supportaf \\_‘—’/_— HE
4

| Center Management & Operations {incl. Infrastructure)

\

Requires the support of

Requires the suppiort of Requires the support of

—_— -
Requires the suppart of —— :
Oversees and integrates o —_— —— equires the suppart af
| Other Basic Base Infrastructure
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Methodology & General Structure of the Model
Labor-hours Relationshipto Time & Productivity

Given, or calculated previously
using the tool, an amount of
effort, in units of labor-hrs:

AND

1) Entering shifts
2) Entering workforce / shift
3) Atarget launches/ year

Then, output is the actual hours
that will be expensed, and
the time to accomplish that
process (standalone or
integrated), as well as the
numbers of crews that are
consistent with these inputs
& outputs.

*The user explores the final operational workforce with a logic similar to

General Inputs and Approaches to FHE Definition

FHE Name | STS Orbiter Baseling Reusable? | Yes =
Type | Orbiter, Reusable-type j Notes | This is the baseline from SAGE
Approach to Operationsand  Siandalone | ‘Baseling’ Fractices j

Supply Chain Management

Integrated | 'Baseline’ Practices j
ErimErh | 'Baseling’ Practices j
Approach to Complexity & Reliability, | Detailed Definition j

Flight Hardware Element Design

Detailed Subsystems

|| Resource Management Inputs

Standalone
Wark hours per week {Shifts per week) 80 hjw (2 shift) -

Workforce/Shift
64

Single FHE Labor and Duration Estimates

Integrated
80 hjw (2shift)

—

Baseline Touch Hours (per flow) | 91,785

| 32,393

Baseline Touch Hours (¥r.) for Launch Rate | 632,263
Capability Desired

| 223,189

Farallel Crew Ops, Mo, of Flight Hardware Elements | 3

| 1

in Flow
Estimated Labor Effort {Hours) | 800,914 (79%)
Estimated Duration, Each Flow {Calendar Days) | =

| 250,286 (89%)

‘ Apply/ Return to Main Page |

that a contractor may employ

*Current STS workforce realistically calculates this way.

|47

16
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&\\%A Software-LLEGO-Launch & Landing Effects Ground Ops Model

Simplest Use Case

Simplest use case — entering hands-on effort, calculate for the user the
rest of the KSC picture, assuming business as usual relationships.

LLEGO (FHE Definition)

General Inputs and Approaches to FHE Definition

FHE Mame | Crian €M Reusable? Yes -
Type | Capsule, Crew Module-type - Motes | —
Approach to Operations and Standaione | Detailed Definition = | | Model: CEV in O&C
Supply Chain Management
Integrated | ‘Baseline' Practices - |
VT TATRET I | ‘Baseline' Practices -~ |

Standzlone Hands
on Labor Howrs

20000

Approach to Complexity & Reliability, | Direct Estimate

Flight Hardware Element Design

K

Integrated Hands-on Labor Hours e

(% Lse Heritage Ratio a

Enter Value

Resource Management Inpults

N

Tnfeoraied
work hours per week (Shifts per week) | 80 hfw {2 shift) -
uvpdate
Workforce fShift
| 20
Single FHE Labor and Duration Esl

Baseline Touch Hours (per flow) 7,060

Baseline Touch Hours (Yr.) for LaundH Rate 48 543

Capability Desired .

Parallel Crew Ops, Mo. of Flight Hardware Elements

in Flow

Estimated Labor Effort (Hours) 150,171 (92%) 166,857 (29%%)

|
|
| i
|
|

Estimated Duration, Each Flow {Calendar Dys) s L

Apply/ Return to Main Page

1]
i

i

17



N(Q\A Software-LLEGO-Launch & Landing Effects Ground Ops Model
& MostComplex Use Case

Most complex use case: Characterizing & inputting flight hardware
elements, AND choosing business & supply chain practices that are other
than business as usual, & constraining fixed resources to a target (i.e.
single string, etc) calculate the hands-on effort, and all other support and
In-direct costs, outputting the total launch and landing cost.

ﬁ General In

LLEGO (Detailed Subsystems Definition) A
FHE Mame Crewed Capsule =1 Awionics V-
Guidance, Comm. & Control Add | Copy | Delete |
Type = Payload " —
Apply/ Return to FHE Payload, Cargo andfor Equipment Expand Collap: m‘fo'r'::igﬁm H
Approach Definition Page —|- Propulsion Tre Tre = ot supported
Supply Ch On-Orbit Propulsion-RCS 15 Aft 3 Fwd by F pe
—I- Protection el
del
On-0rbit Propulsion Mame: | On-Orbit Propulsion-RCS 15 Aft 3 Fwd
Approach Type | RCS - —
Flight Hard
Relizbility [ ~0.55% (5TS oMS | RCS ranges) = ]
I Resource N Conmectors | (5TS-ike]) Civerse ssrospace fittings, - B
Thn ' : ] =t Electric Actusted / Solenoids
work hours hrust Wector Control / Actustion 2 | 5
Workforce /4 Install=tion /! Remowval | Closeout | ST5ike j
Approach
Mumber of | 1=
Single H _
Va Threst @ 100% in Kib | 180 eenEdits
Baseline T| Sewme T ‘B i s
Baseline |
Capability
Parallel Cif
in W
Estimated
Estimated
App

18
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Demo (steps shown)

References

Open

STS- Summary-Perspectiveis all KSC Spacetransportation,munus ARF, butthatis up ahead

Otherreports > go thru all...these are specific parts of the summary

Lastreport“times”? Why time emphasis?

i.e. Back to “Main”

'(I_'o Orb)iter, 125days vs. 80 days, cleaned up datavs. reality (issue),average vs. real variance
issue

Close

Open Orion Ares | directcalc r5 6LPY — emphasis on caveats —evolving
— Definitions between all KSC vs. just GOE will soon have dedicated reports...not include CMO, base infrastructure

On that note...overto “Architecture Compare”
e Loadprior plus STS
Onthat note...overto “Main” — “Open” “Orion Ares | direct calc r5a GOEs4” —Emphasize,justa
scenario
Overto “Main” — blank — FHE features...import CapsuleB.fhe
Over to “Orion Ares | directcalc r56 LPY”... “Summary”
Import“CEV in O&C” practices-emphasize, still in sensitivity study phase,soontobe some
analysis coming forth...Show change inresults...
All this has been “direct calculation”...simple use cases,Back to STS...Open...Detailed
Definition...more complex use cases
Over to “Scenario Analyzer”
Over to “Slider”
Emphasize...more reports evolving...benefit of Excel structure
Back to charts

19



Demo (Webex) or Screen-shots

Skip Screen Shots

20
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xs

Demo-Starting Point

e

Cpen

Architecture Compare

Scenarios

. blue frog
technologies

Right Hardware Element Model j| Ground Ops/Supply Chain Mgt Model j|

Summary

Ground Opz

Contractor & Subs

il Serice, CMO &
1 SETEE | umma | imes: ‘ elerences
C g ry Ti n About & n Refe

Infrastructure Disdaimer

Version 08-03-07: Non-Government Version

LLEGC Messages I:I

Starting a new file! Go to "Right Hardware Element

Model and use -Mew-, and selct a type. or -lmport-.

and seek *fhe files.

1

2

3|

4_ Save As Save

5

5_ Launch Rate Desired &
;.r_ Cither Paameters
3

3 |

g Filename: new
1

2— Architecture Mame: |

3]

4 | Description/ Notes: |

5]

-

21



% blue frog
% technologies

Keywords & Link.s: “*Links Jump Directly ta the Cell

Fil= Blamme Diezcription Mates & Caveats of Interest™
Crbiter
Technici ET Technici

Only one data

paint, highly Cirhiter Diregt
This data is fram the USA Shop Floar manipulated. Support
Ciantrol system, similar to the data published | Missing [Enginesting ET Direct Suppat (Engineering

ez OB HORZ VERT MODEL sl |in the Marris wark. below which is public. |t | components of qulaity, 1) quality, £tc)

covers technicians, engineering, quality and - | work such as
other support that accomplishes work on | offline TPS, ESRE Technician
the Space Shuttle according to cateqories | OMSIRCS{
assembled for this perspective fram Hypergolic HMF
standalone processing through launch, Also | work, and SSME SBE Direct Support (Engineering. |
has graphs agregating some of the data. shop work. quality, ete)

Dlata source limits
This filz in Excel also has an embedded pdf | mean missing
b the ariginal ALAA paper publizhed by SOMme

Maris OFF O O Muorriz. The datais Shop Floor Control data | components of - || A18.5 Paper Scheduled wWork Content
EGO 1 [l timecard “like] far the Space Shuttle, and| wark, such as

should be interpreted a5 mastly if not all cffline TPS, Labor haurs,
technician with an emphasis on Orbiter and | OMSIRCS tasks, sub-
on stand-alone processing [aka OFF). Thiz | Hypergolic HMF systems Unscheduled bark Donert
version maps such datato LLEGO like work, and S5ME /

breakdown structures.

shop waork.

Links to source data, more .xIs, jpg. etc
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(A\‘\“ Demo- “Open” “Space Shuttle DetailCalc r2.far”

1

5 . blue frog

- technologies

4 | Save As [ Sawe Mew Cpen Architecture Compare Scenarios Flight Hardware Element Model j| Ground Cps/Supply Chain Mgt Model j|
5

g Launch Rate Desired & Ground Cips Civil Serice, CMO & About & _
?_ Other Fammeters AL Cnntm:tl}r& Subs Infrastructure m LT ﬁﬂ_[l] = n'[)isdaimer‘ n' e
g | Version 08-03-07: Non-Government Version

9 | : LLEGO Messages I:I

(o | Filename: Space Shuttle DetailCalc r2

1] No Errors Found.

% Architecture Name: | Space Shuttle Baseline rrers rean

13 , ; ” ,

|4 | Description/ Notes: | Orbiter using subsystems definiion method on dl flight elements

15 |

|6

Drefined Flight
I7 | Hardware Elements:

23



Demo- “Summary” report (STS loaded)

_: _: WU I-\.nl'l.?b _: LAY ST VILE, el I OO I I " "
| |__H Summary ||__HC|::-ntra|:t|:}r53: Subs Infrastructure | L[“]I Summary | Lﬂm Times '!!
4
5TS RSRMIRSRE
5 FHE Mame STSET Bazeline Baseline Pair ST5S Orbiter Bazeline Summary
Solid Rocket Motor
External Tank, | Booster, Heusable-
G Type of FHE disposable-type Lype Crbiter, Reusable-type
i Ground Ops Contractaor.
i Standalone Labor EFFark f FIt [hours) 3,725 8,000 91,765
23 Integrated Labor EFfort § Flt[hours) 1,315 2824 32,393
i ﬂ Total EFfortt FIE. [hours] 5,040 0,224 124158 140,022
J4 | = Flight Riate £.89 £.24 £.24
)| Total EFfartt %'r. (hours) 726 74577 466,451 964.754
4 Total Direct Workhorce [workers] 19 38 A04 561
g2 Total Available Waorks Hours 39,629 79,257 1,061,200
43 Utilization Level For Ground Dperations Contracts () QuM 942 21
44 Total Direct Support Workforee [# warkers) ] 120 15493 1.773
45 Total Indirect Support Workborce [# workers) a0 160 2120 2.360
L1 Total Ground Operations Contractors Workborce [# workers) 159 e 1217 4.694
LY Per Worker Rate [$1%r.] F102,000 102,000 102,000
EL Total Ground Operations Contractors Workborce Costs 7. F16, 222,020 332,444,160 £4730,097 204 $478.763,525
44 Total Logistics Costs £ 'r. $12E, 929,441 $136,939 441
2[11 Total Ground Ops Contractor Costs £ 16,222,080 32,444,160 $66T.036, 726 $615.702 966
5 Sub-contractors to Standalone Ground Ops Contractor Rate 15.4% 1545 19,45
53 Sub-contractors to Standalone Ground Ops Contractor, Costs 4T, $2,047,278 4,402,149 474,939,650
o Sub-contractors to Integrated Ground Ops Contractor Rate 15,47 15,45 18,45
L] Sub-contractors ta Integrated Ground Ops Contractor, Costs £ $937.954 $1.5E9.514 $26,428,982
E? Total Sub-contractors to Ground Ops Cantractar, Costs {9 $2.986.832 #5,971,664 F104 368,632 $113.326.127
58 Cinil Servants Rate [bo all other costs] 9.9 9.9 9.9
a4 Civil Servants Costs # 4. $1.996,244 3,792,488 $EE,282.497 $71.971.229
6]
b Center Mamt and Dperations Fate 3T RN 32T
Ezj Center Mamit and Operations Costs £ YT 6,292,339 $13, 784,650 $240,919,152 $261.596.171
B4 Dther Base Infrastructure Hate 12,42 1842 1842
EE Other Base Infrastructure Costs /YT 46,153,961 10,207 922 180,154,771 $195.616.654
b Total Costs YT, $33,150,456 66,200,914 $1,10%, 761 TrE $1.258. 213,147
2%

24



Demo-Times...

LLEGO (FHE Definition)
General Inputs and Approaches to FHE Definition

FHEName | STS Orbiter Baseline Reusable? | Tes ¥
Type | Orbiter, Reusable-type ﬂ Motes | This is the baseline from SAGE
Approach to Operations and Standslone | ‘Baseline’ Practices j
Supply Chain Management
Integrated | ‘Baseline’ Practices j
. line' . ESSL
Government | Baseline’ Practices j -
Approach to Complexity & Reliability, Detailed Definition ] E
Flight Hardware Element Design | j LETefmeas =
|| Resource Management Inputs cur
Standslone Integrated
Wark hours per week (Shifts per week) | 80 hjw (2 shift) j | 30 hyw (2 shift) j .
update
Workforce fShift
| 54 | &0
Single FHE Labor and Duration Estimates
Baseline Touch Hours (per flow) | 91,765 | 32,393
Baseline Touch Hours (¥r.) for Launch Rate | 637 763 | 273 189
Capability Desired ! !
Parallel Crew Ops, Mo, of Flight Hardware Elements | 3 | 1
in Flow
Estimated Labor Effort (Hours) | 800,914 (79%:) ! 250,286 (399%%)
Estimated Duration, Each Flow { | S
|| Apply/ Return to Main Page ||
— tEm




NAS?

Demo-Effect of Changes to Business as Usual

. blue frog

F technologies

| Save As

Save | New | Open | Architecture Compare | Scenarios | Fight Hardware Element Model j| Ground Ops/Supply Chain Mgt. Model j|

Launch Rate Dresired & Ground Cps Civil Service. CMO & About &
Other Parmmeters BT Cuntmm}r & Subs Infrastructure ﬁﬂ_ﬂ] STV Eﬂ_ﬂ] = n'Disdai mer “| ETEES
— 1

Filename:

Architecture Name:

Drescription/ Motes:

Drefined Flight
Hardware Elements:

Version 08-03-07: Non-Government Version ;

LLEGO Messages l:l

Mo Errors Found.

Orion Ares | direct cale r5 TLPY quikstack

| Crion Ares I quick stack

| Using direct calculation feature only, all settings are BAU=business as usual

. blue frog
+ technologies

| Save As

Save | New | Open | Architecture Compare | Scenarios ‘ Flight Hardware Elenent Model j| Ground Ops/Supply Chain Mgt Model j|

Launch Rate Desired & Ground Ops Civil Serdce, CMO & About &
Other Parameters e Cnntnu:tnr& Subs Infrastructure Eﬂ_ﬂ] e Eﬂ_ﬂ] = “|Disd-a_imer “l References
—

Version 08-03-07: Non-Government Version |

LLEGD Messages I:I

Filename: Orion Ares | direct calc r5 TLPY quikstack

Mo Errors Found.
Architecture Mame: ‘ Orion Ares I quick stack rrers feun
Description/ Notes: | Using direct calculation feature only, all settings are BAU=business as usual
Defined Flight

Hardware Elements:

Defined Operations
and Supply Chain
Models:
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Demo-Effect of Changes to Business as Usual

LLEGO (FHE Definition)
General Inputs and Approaches to FHE Definition

FHE Mame | Qrign CM Reusable? fes -

Type | Capsule, Crew Module-type - Motes

Approach to Operations and Standaione Detailed Definition " "Model: CEV in OBC I
Supphly Chain Management

Integrated ‘Baseline’ Practices

TR ‘Baseline’ Practices

Approach to Complexity & Reliability,
Flight Hardware Element Design

Integrated Hands-on Labor Hours

om Labor Howsrs
7 {*" |Use Heritage Ratio o
20000

" Enter Value

| Direct Estimate j I

| Resource Management Inputs our
Sfandsfons Tnfeorsfed
Work hours per week (Shifts per week) | 30 hfw (2 shift) - | 30 hfw (2 shift) - e
update |
Workforce /Shift
| 12 | =20
Single FHE Labor and Duration Estimates
Baseline Touch Hours {per fow) | 20,000 | 7,050
Baselirln_a Toud'_l Hours {¥r.}) for Launch Rate | 133/600 | 48,643
Capability Desired
Parallel Crew Ops, Mo. of Flight Hardware Elements 3 | 1
in Flawe
Estimated Labor Effort {Hours) 150,171 (92%) | 166,857 (299%)

145 15

Estimated Duration, Each Flow {(Calendar D1

Apply/ Return to Main Pa

A new set of process, practices or technology can be applied to either
the standalone contractor, the integration contractor (GOE) or the
government (CMO etc).



N(Q\A Demo-Importing aBaseline Fileincluding Sub-Systems
& Definition

blue frog
technologies

NQSA Launch and Landing Effects Ground Operations (LLEGO) @ Model
B

Save As

Ground OpsSupply Chain Mgt Model j|

’ nl 'elbm_]t& | References
Disdaimer

Save ‘ Mew | Open | Architecture Compare ‘ Scenarios | Import j

Launch Rate Desired & @ R @ Ground Cps @ Civil Service, { Flight Hardware Element Model
Other Paameters Contractor & Subs Infrastruct] Pew

Filename:

Look in: ) LLEGO Files ~ (@ @ Q X Ci E - Toos~
. o to "fight Hardware Element
Architecture Name A Iim L and sekct 3 type, or -Import-,
1 ﬁ Y adapterB. fre seek * fhe files.

Description/ Motes MyRecent | EH|capsuleB. fhe
Documents MEI'B fhe

- mGenﬁ.ﬂﬂe
La 0| Liquids. fre

Desktop | BMOrbiters. fhe

ﬂServiceB.ﬂﬂe
: AW =rbe. e

My Documents

]

58

My Computer

:j File name: w

My Metwork

Places Files of type: |11 EGO Files (= fhe) w

el el el e el e ol e e Y Y O

The prior were all relatively simple, direct calculation modes,
going to more complex modes, from sub-systems descriptive
definition...Flight Hardware Element Model...Import, browse for
C.drive, Blue Frog, LLEGO, LLEGO Files..."CapsuleB.fhe”...
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Demo-More Sophisticated Sub-system Definition & Drivers
being Chosen... Designfor Ops...

I_ General In

LLEGO (Detailed Subsystems Definition)

r-b L]

FHE Mame Crewed Capsule —I- Avionics |
Guidance, Comm. & Control Add | Copy ‘ Delete |
Type —I- Payload * issi
Apply/ Return t¢ FHE Payload, Cargo and/for Equipment . Collapse :{D:;Sim; H
Approach Definition Page —|- Propulsion Tree Tree T* = Mot supported
Sooohy ch T .
—I- Protection o
pdel
On-Orbit Propulsion On-Orbit Propulsion-RCS 15 Aft 3 Fu =
renc
Approach Type > RCS
Flight Hars

Relisbility [ = ~0,55% (STS OMS | RCS rangas)

I Resource I Connectors >

|
|
|
Thrust Vector Control / Actustion = | Electric Actusted [ Solenaids \
|
|
|

|I_II

{STS-ike) Diverse asrospace fittings, \

Lef Ll Lo Lo L]

Work hours
Waorkforce Irstzllation | Removal | Clessout = cTe ke
Approach
Mumber of = 1B
Single H | I—I
Keep Edits
facssm-Thost @ i 180

Baseline T| W acuum-Threst @ 100% in Klbm 2

Baseline T

Capability]

Parallel Cr

in Flow

Estimated

Estimated

App

B \

Straight forward, traditional sub-system breakdown structure
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MOTE: When theze %0's are &l cloze, the pime iz being resisd 3z 2

fully wanable costio the govemment (fiz may not be possible).

Cat 1 Ground Op=s
wtractor han

Click to Set Sliders 1o 5T5

GREEN = INFUT J ORAMGE = AN OUTPUT OR SETTIMNG

Adjust each slider for each of 8 categories of similar costs to create a value for your architecture at KSC that is some percent % of the current

Space Shultle Space Transportation System expenses for a given Launches Per Year (LPY). Click "HELP” cells to understand each area's basics.
FProtected worksheet to keep user from inadvertent damage to caleulations: To unlock, no password.

Infrastructure

i on HELP HELF

i STS Compare: ™~ BE1 2360 F175,000,000 F13,326 127 $71471.229 300,000,000 4135 616,654
' . % ST | 1005 1002 1002 100 100 | 1003 1002 100
i How many fechs? Use the Shder ¥ ¥ - ¥ = ~ ~ ¥
I _‘ E&1 1773 2360 $174,999,900 $U3326200 $7L97I200 $200,000000  $195E16,800

L I

i w - - v w el ol )
. F!atinin-dir b aj‘IeFt Fatg todir. #fhr % of Ground Ops # ok CS FTE EMoff the top LM off the top

i ‘four Architecture, Hours available for years 1,166,580 32 0] 3 149.97 o o] fool ¢ % o W 136,
H STS Compare, Hours available For the years 1,166,220 3.2 =] 14997 kS 00| 196

2
DIRECT

3722000

Waich this "per flow™ labor hours

“|change and use itio guide adjusiing the first

shider.
& 180,846 000 | § 240 720,000

$ 300,000,000

§ 195616 800

Geound Ops Confractor rate "avg.” worker per

years

! Space Shusls Current ground Opes @ KSCs
! Your total expenses per year =

Abowve as a % of current Space Shuttle STS>

Space Shuttle Current
ground Ops @ KSC:,

$1.500,000,000 1 FIHETTES

$1,000,000,000

£500,000,000

$0 -

‘our tokal expenses per
tear- T O 00

GOE Only [no CR0 nor
BEasze Infra.,

30



Hew Open Save SaveAs

Full Analysis

New(file not saved)

Quick Analyss Help

Architecture Elements | Add  Copy  Delete

Type

Name

| aE-1

| Mone Specified

]

Ratio ofParallel Work (Duration:Waork) | 11 -

Number of Subsystems

Mowve Up Meove Down

—

About

Architecture Parameters

Abort System Reliabil'rtyl 0.%0000000000000

Tanget M aximum Proceszing
Duration (in weeks)

Work Hours in a Week | 20 hours (1 Shift

-|

20

Update Architecture Parameters |

Update Architecture Element and Subsystems

Resultant R & M Effects

101 101.m

Design Constraints & Requirements
Effect| Avg. Reliability | Basic Functional | # of Critical | Redundancy

Name [o-2)° per Comp System # Comps | Functions Lewel

»Subszystem-1-1 2 0.3 00 0 1 100

Repair & Ezpected | Ezpected |FHeliabilit
time Comps | Failures |Repair Time L]
1]

0,40
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2

Relation to Other Projects
% Options, Recent Projects

Low-Earth-Orbit

Launch
Processes and Processes and
Material on the Ground ’_‘ Material in Space
. T ™
E20 SC
i . —
SIM gy
2 . 4
LLEGO » “SpaceSim » “SpacelNet
L *ELLA
—-.-. —
CEV CLV Sim
h-. A
Drivers & Influence Relationships Relationships
Relationships among represented in a represented in a Discrete
Human Space Flight Discrete Event Event Simulation with
Functions Simulation with assigned resources and
assigned resources delay times constraining
Labor-hours of effart and delay times the system realistically
constraining the
Effects of Drivers, system realistically Effects of in-Space
“what-if" supply chain time,
Effects of supply chain methods for optimizing in-
Data focused time, “what-ifs"” space supplies, “what-ifs"
MS Excel Arena Matlab
1-Total end-to-end emphasis ground ops emphasis [ ] Other Existing Capabilities
2-Standalone process emphasis i.e. CEV [ | Was 11A and/or 11B funded
3-Ground ops process post DD250 emphasis ] Completed
4-In-space logistical connection back to ground ops cargo, B Completes development mid-07 32

flight crew equipment, payload, etc [] LX funded



Relatio
Option

nse

nto Other Projects
,the Cx IPM

Constellation Integrated Program Model

3
v v

Program processes,
trades, teams, etc

Structured, Response Tables,
Cx/KSCLX & .
I/T coordinated Surfa}ces, pl_‘e-defmed
uses? valid relationshins
Potential
option ? -
to explore
TN
. 2 - . 3 l

4 Slider Tool? 4

Low-Earth-Orbit

Launch

Processes and
Material on the Ground

Processes and
Material in Space

"E20 SC
Sim

E—
‘SpaceNet

KSCI/T Support

to Internal KSC
LXInsight ONLY

-

Relationships
represented in a Discrete
Event Simulation with
assigned resources and
delay times constraining

Drivers & Influence Relationships

Relationships among represented in a

Human Space Flight Discrete Event

Functions Simulation with
assigned resources

LLEGO »| 2SpaceSim
L
\—9 J
SELLA
. CEV CLV Sim ‘—l—V
S— E—

DSES
TBD

Labor-hours of effort

Effects of Drivers,
“what-if"

Data focused

MS Excel

and delay times
constraining the
system realistically

Effects of supply chain
time, “what-ifs”

Arena

the system realistically

Effects of in-Space
supply chain time,

methods for optimizing in-
space supplies, “what-ifs”

Matlab

[] Other Existing Capabilities

[] was 11A and/or 11B funded

[ Completed

Il Completes development mid-07
1 LX funded

1-Total end-to-end emphasis ground ops emphasis
2-Standalone process emphasis i.e. CEV

3-Ground ops process post DD250 emphasis

4-In-space logistical connection back to ground ops cargo,
flight crew equipment, payload, etc
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Closing

¢ Distribution of LLEGO will likely be in 2 versions
e SBU Government Use Only
e Non-Government, stripped of some trace data and comparative analyzers

e LLEGO configuration info will be kept on the web to assist in keeping users
synched

¢ Analysis case definition, sensitivity studies and exploring scenarios
ISunderway

¢ User manual wrapping up, additional help screens being added

¢ Hereto support!
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http://science.ksc.nasa.gov/shuttle/nexgen/LLEGO_config.htm

Backup Provided Separately
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